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(S) Variable valve timing operated engine. 

@ A method is described for operating an auto- 
motive-type engine by independently phase 
shifting the intake and exhaust valves to provide 
at part loads late closing of the intake valve 
during the compression stroke to reduce pimp- 
ing losses, with a delayed overiap between the 
opening of the intake vah^e and closing of the 
exhaust valve controlled to reduce HO and con- 
trol N0)( by providing a desired level internal 
EGR by the backflow of gases into the cylinder 
and intake port and late opening of the exhaust 
valve during the expansion stroke to increase 
expansion woric; also a low overiap at idle for 
improved stabOity, and optimising valve timings 
at wide open throttle for increased torque and 
power output 
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Field of the Invention 

This invention relates in general to an automo- 
tive-type engine tinning system. More particularly, it 
relates to one in v/hich the intake and exhaust valves 
are independently phase shifted to vary the timing to 
obtain better conditions of operation of the engine. 

Background of the Invention 

Most commercially available automotive engines 
use fixed lift, duration and phasing of intake and ex- 
haust valve events. As a result, there is a compromise 
between the best fuel economy, emission control and 
engine power conditions. 

Potentially better fuel economy, emission control 
and other engine output benefits can be realised if the 
timing of these events can be varied depending on 
the engine operating nnode. 

This invention Is directed to a method of phase 
shifting both the intake and exhaust camshafts/val- 
ves with a unique strategy to achieve the objectives 
described, and particularly at part load operation. 

In general, variable valve timing by means of 
phase shifting is known in the prior art. For example, 
U.S. 4,305.352, Oshima el al., describes in Col. 4 and 
shows diagrammatically in Figures 6 and 7 a variable 
valve timing system in which late closing of the intake 
valve is utilised to improve engine efficiency. Oshima 
et al. calls for a targe overlap between the opening of 
the intake valve and the closing of the exhaust valve 
for high speed operation, and a smalleroverlap for en- 
gine idling speed operation. 

Oshima etal. for part load operation state that the 
valve overlap should be increased by at>out 60** to de- 
crease the amount of NO, in the exhaust gases. This 
large overlap is in direct contrast to the strategy pro- 
posed by this invention. 

SAE Report No. 800794. TutUe, dated June 1980. 
desaibes the advantages of variable vaK^e timing by 
means of late intake valve closing. However, no spe- 
cific strategy is provided for operating an engine over 
the three main operating modes of idle, part load and 
wide open throttle. 

U.S. 4,685,429, Oyaizu. shows a construction for 
varying the valve timing and is concerned primarily 
with controlling the valve overlap between intake 
valve opening and exhaust valve closing. In this case, 
only the intake valve timing is adjusted. Col. 4 de- 
scribes and Figure 5 shows the mininrium and maxi- 
mum overlaps, the exhaust valve always opening 
from bottom dead cenU-e and closing slighby after lop 
dead centre position. No particular strategy is provid- 
ed for the three primary engine operating modes of 
idle, part load and wide open throttle. Furthermore, 
the closing of the exhaust valve only slightly after top 
dead centre position does not provide the improved 
engine performance provided by the strategy of this 



invention to be described. 
Object of the invention 

5 The inventfen, therefore, seeks to provide a 
method of operating an engine at part load by phase 
shifting the timing of opening and closing of the intake 
and exhaust valves to provide controlled internal EGR 
to control NOx and reduce HC levels, to reduce en- 

10 gine pumping losses, and to improve the expansion 
ratio. 

Summary of the Invention 

15 The present invention, which provides a method 
of operating an automotive-type internal combustion 
engine as hereinafter claimed in Claim 1 of the ap- 
pended claims, is based on varying the valve timing 
schedules of both the intake and exhaust valves by 

20 suitable phase shifting of these events to obtain the 
most efficient operation during idle speed, part load 
and wide open throttle operating conditions. At part 
load, by utilising late closing of the intake valve during 
the compression stroke and late closing of the ex- 

25 hausl valve during the intake stroke, a variable and 
delayed valve overlap is provided in accordance with 
operating conditions between the dosing of the ex- 
haust valve and opening of the intake valve to control 
the exhaust backflow to the cylinder and intake port 

30 for internal exhaust gas recirculation (EGR), as well 
as other benefits. 

Brief description of the drawing 

35 The invention will now be described further, by 
way of example, with reference to the accompanying 
drawing in which the single figure diagrammatically il- 
lustrates the control strategy used by the invention, 

40 Description of the Preferred Embodbnent 

The figure in general depicts diagrammatfcally 
the opening and closing events for both the intake 
and exhaust valves during the four strokes of the en- 
45 gine so as to better visually understand the sb^tegy 
or method of the invention. 

More specifically, as stated previously, the idea 
is to phase shift the opening and dosing events to ob- 
tain better engine combustion, lower emissions and 
50 overall better operating efficiency. 

At idle speed operation, it will be seen from the 
figure that the exhaust valve opens at approximately 
66"* before bottom dead centre (BDC) position of the 
piston and doses at approximately 4** after top dead 
55 centre (TDC) position in the Intake stroke. The intake 
valve, on the other hand, opens at about 4® before 
TDC in the exhaust stroke and closes late in the com- 
pression stroke about 66** after BDC position. This 
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provides a valve overlap of about 8"* essentially sym- 
metrically located with respect to TDC position. As a 
result, the small overlap w3l optimise combustion sta- 
bility because the back! low of exhaust gases will min- 
imise the amount of residual gas in the combustion 
chamber. It also, therefore, permits the engine to idle 
at a more efficient fuel economy than with a fixed tim- 
ing schedule. The valve overlap, however, is not com- 
ptetety eliminated because some exhaust gas back- 
flow Into the intake port is used to enhance air/fuel 
mixing to promote combustion efficiency. 

For part load operation, both the intake and ex- 
haust events are shifted to the right from the idle 
speed positions shown to provide a later opening of 
the exhaust valve and a tater dosing of the intake 
valve, with a slightly larger overlap between the two 
than as before. More specifically, the exhaust valve 
opens at approximately 26" before BDC and closes 
approximately 44** at terTDC in the intake stroke. The 
intake valve, oh the other hand, now opens in the in- 
take stroke at about 20^ crank angle after TDC posi- 
tion and closes late in the compression stroke at 
about aank angle. 

The overlap in this case is increased to approxi- 
mately 24** allowing the exhaust gas to be mixed with 
the fresh charge so as to reduce comb;tsUon temper- 
atures for controlling the emission of NOx. The delay- 
ing of both the exhaust valve closing and the intake 
valve opening will permit the piston in its early phase 
of downstroke to draw exhaust gas from the exhaust 
port into the cylinder.With this strategy, an external 
EGR system is not required as the delayed overlap 
between the intake valve opening and the exhaust 
valve dosing provides the anrtount of backflow and 
EGR necessary. The exhaust gas backflow into the 
intake port also promotes air/fuel mixing as pointed 
out earlier. The exhaust gas expelled last from the cy- 
linder is relatively high in unburned hydrocarbon (HC) 
concentrations, thus the recirculation of the exhaust 
gas reduces the HC feed gas level of the engine. 

This delayed dosing of the intake valve to ap- 
proximately 90° in the compression stroke, under part 
load conditions, also results in the backflow of cylin- 
der charge into the intake port in the first part of the 
compression stroke. This reduces the manifold va- 
cuum and therefore pumpjng work at a given load, 
thus increasing fuel efficiency. The delay of the in- 
take event also produces increased swirl that aids in 
the mixing process, therefore increasing the engine 
operating efficiency by maintaining adequately high 
burn rates that are otherwise reduced by the exhaust 
gas recirculation. The delayed opening of the exhaust 
valve at low speeds also improves the fuel efficiency 
due to increased expansion ratio. 

The exact shifting of the events wOl vary as a 
function of the load. The quantity of air/fuel charge 
trapped in the cylinder during t he compression stroke 
must be increased when inaeased torque output is 



required. This is achieved by dosing the intake valve 
earlier at high loads. This also provides a larger valve 
overlap for internal EGR control of NOx under high 
torque operating conditions and under conditions 

5 when the manifold vacuum level is low. 

Wide open throttle operation is accomplished In 
this concept by shifting the opening and dosing 
events of the intake and exhaust vaNes back towards 
the idle speed positions, as compared to the part load 

10 events or positions, but with greater overlap than Idle. 
More specifically, as shovm in thefigure. atlowspeed 
WOT operatbn. the exhaust valve will open at about 
40* before BDC position in the expansion stroke to 
provide increased expansion work, and dose about 

15 30*" after TDC position in the intake sb-oke. The intake 
valve, on the other hand, will open approximately 24* 
before TDC position in the exhaust stroke and dose 
early in the compression stroke about 46*' after BDC 
positk)n to provide for trapping a larger volume of cy- 

20 Undercharge. 

High speed wide open throttle operation Is provid- 
ed in this case by shifting the exhaust event slightly 
to the left while moving the Intake event slightly to the 
right, thereby providing earlier exhaust opening and 

25 later intake closing, and a smaller valve overlap of 
about 28^. More specifically, the exhaust valve opens 
approximately 56^ t>efore BDC in the expansion 
stroke and doses approximately 14* after TDC in the 
intake stroke while the intake valve opens approxi- 

30 mately 14* before TDC position in the exhaust stroke 
end doses later in the compression stroke approxi- 
mately 56* after BDC position. 

This delayed intake valve dosing is desirable to 
take advantage of the inertia and wave dynamics of 

35 the incoming air column in the intake ducL The 
anrtount of overlap essentially prevents the exhaust 
gases from entering the intake port as the exhaust 
timing is carefully optimised to achieve adequately 
early blowdown without unduly restricting the final 

40 phase of the exhaust process. 

From the above, it will be seen that the invention 
provides a method/strategy of operating an engine by 
phase shifting the opening and dosing timing sched- 
ules of the intake and exhaust vah^es to optimise the 

45 operation of the engine for improved idle stability, fuel 
efficiency and WOT torque/power output The need 
for an external EGR system is eliminated by provkiing 
a valve overlap with delayed timing in a controlled 
manner so that EGR is accurately nnetered under 

so steady state as well as transient conditk)ns. 



Claims 

55 1. A method of operating an automotive-type inter- 
nal combustion engine to control the emission of 
unburned hydrocarbons and nitrogen oxides 
while providing ef fident engine operation, stable 
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idle, and increased torque and power output, con- 
sisting of: 

independently varying the openings and 
dosings of the engine intake and exhaust valves 
from fixed valve lift and duration valve event tim- 5 
ing schedules to provide the most efficient speed 
and torque operatbn accompanied by optimum 
fuel economy; and comprising the steps of: 

for engine idle speed operation, providing 
a small overlap between the opening of the in- io 
take valve during the piston exhaust stroke and 
the closing of the exhaust valve during the piston 
intake stroke to minimise the amount of residual 
gas in the engine combustion chamber to in- 
crease fuel economy while concurrently provid- i5 
ing a minimal backflow of gas into the intake 
manifold to promote mixing of the air/fuel charge 
for better combustion stability; 

for part load and moderate engine accel- 
erating operating conditions, shifting the intake 20 
and exhaust valve timing events by significantly 
delaying the intake valve opening and the ex- 
haust valve closing from their norma! timing 
schedules and also to provide a greater overlap 
between the opening of the intake valve and the 25 
dosing of the exhaust valve than at idle to pro- 
vide a greater volume of internal exhaust gas re- 
drculation (EGR) into the cylinder and intake port 
to reduce NOx and HC emissions, the crank an- 
gle degree and timing of overlap varying as a 30 
function of the toad, the gas backflow into the cy- 
linder and the intake port redudng engine pump- 
ing losses by reducing the manifold vacuum lev- 
els; and 

for engine wide open throttle (WOT) oper- 35 
ating conditions, shifting the valve event timing 
schedules back towards the idle speed position 
but with a large valve overlap that decreases as 
3 function of increasing the speed. 

40 

A method as daimed in Claim 1. wherein the 
valve overlap at idle is small and nearly symmet- 
rical with respect to the piston top dead centre 
position between the piston exhaust and intake 
strokes. 45 

A met hod as daimed in Claim 1 or 2, wherein dur- 
ing engine idle speed operation, the small over- 
lap advances the opening of the exhaust valve 
during the expansion stroke away from the piston so 
bottom dead centre position and thereby avoids 
over expansion. 



compression stroke to reduce the manifold va- 
cuum level and pumping losses. 

5. A method as claimed In any preceding claim, 
wherein during engine part load operation, the 
valve overlap with delayed timing provides for 
the mixing of exhaust gas with the fresh charge 
to reduce combustion temperatures and the 
emissions. 

6. A method as claimed in any preceding claim, 
wherein during engine part load operation, the 
valve overlap with delayed timing provides for 
the recirculation of exhaust gas that was expelled 
from the cylinder at the end of the exhaust stroke 
and is relatively high in unburned hydrocarbon 
emissions, thereby resulting in reduced overall 
hydrocarbon emissions. 

7. A method as claimed in any preceding claim, 
wherein dunng engine part load operation, the 
exhaust valve opening is delayed during the ex- 
pansion stroke resulting in increased expansion 
work and providing greater fuel efficiency. 

B. A method as claimed in any preceding claim, 
wherein during part load operating conditions, 
the controlling of an overlap duration in the de- 
layed timing position prevents excessive pres- 
sure depression as the piston travels in the first 
half of the intake stroke. 

d. A method as in Claim 2 or any daim appended 
thereto, wherein the vah^e overlap at idle is in the 
region of 8** crank angle. 

10. A method as claimed in any preceding claim, 
. wherein during high speed wide open throttle op- 
eration, the delayed intake valve dosing utBlses 
the inertia and wave dynamics of the incoming 
charge in the intake duct to increase the trapped 
cylinder charge volume. 

11. A method as clain^ in any preceding claim, 
wherein at low engine speed and full torque the 
intake valve is dosed relatively early during the 
compression stroke to trap a larger volume of 
charge in the cylinder, and at higher speeds, the 
intake valve dosing is delayed as a function of the 
increase in speed to trap a maximum anrtount of 
charge in the cylinder at all speeds. 



A method as daimed in any one of Claims 1 or 3, 
wherein during engine part load operation, the in- 55 
take valve dosing is delayed during the compres- 
sion stroke to provide backflow of cylinder charge 
into the intake port during the first part of the 
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